.
The results of this work seem to suggest that there is a slight pressure dependence of the critical supersaturation, increasing with increasing pressure.
Today there is increasing concern in determining the stable range of operation of the TDCC/HPCC. For ex- [7] . Such an apparatus can be used to measure binary diffusion coefficients and a diagram of a typical Stefan tube apparatus is shown in Figure  1 . The tube is filled with a liquid A evaporating into a background gas B and it is assumed that the mole fraction at the liquid surface is given by the ratio of the equilibrium vapor pressure at the temperature of the liquid to the total pressure.
At the top of the tube, the mole fraction of A is also specified.
Fick's law for the transport of A is
where Ni is the molar flux of species i with respect to a fixed coordinate system, c the molar concentration of the mixture, DAB the binary diffusion coefficient and xi the mole fraction of species i. If we assume the flux is 1-dimensional and that the background gas is essentially stagnant, (i.e. NBz = 0) we get
If it is assumed that the tube is at steady state and isothermal and that the gases behave ideally, a shell balance for the flux of A can be used to develop analytical expressions for the mole fraction profile and the rate of evaporation [7] .
A diagram of a typical diffusion cloud chamber and the boundary conditions for the typical 1-d modeling are
shown in Figure  2 . 
where kT is the thermal diffusion coefficient and T the temperature.
The second term in the brackets accounts for the influence of the temperature field on the mass flux, i.e. the Soret effect. Again the assumption is made that the flux of B is zero; hence the equation can be written as:
It is more convenient to define the thermal diffusion ratio, a, as kT = --.
XAg_B Also, the following substitution can be made for the mole fraction, XA, P xa =
where P is the partial pressure of A and Pt is the total pressure within the chamber. The binary diffusion coefficient, DAB, can be expressed as DAB = D°ABTS -D°BRT'+t (7) c Pt
where D°B is a constant and s is a factor ranging from 0.5 to 1.0. Substituting these expressions into equation (4) yields a differential equation for the partial pres-
The heat flux, Q, in the TDCC consists of three terms: transport by conduction, transport due to convective flux, and the Dufour effect. This flux is given by
where k and H are the thermal conductivity and enthaipy of the mixture, respectively.
Using the same substitutions as used for the molar flux equation gives
The coupled differential equations, (8) and (10), can be solved numerically for the temperature and partial pressure profile to determine the supersaturation profile. The approach is straightforward and very plausible, yet there are some inconsistencies when one considers the momentum equation governing the system.
INCONSISTENCIES IN THE MODELING
Inside the TDCC, in the absence of any buoyancyinduced convection, there should be no mass average velocity, v, within the chamber. For a justification of this statement we look at the momentum equation for this steady system:
In this equation, v is the mass average velocity, p, the density, P, the pressure, p, the fluid viscosity, and g, the gravitational acceleration.
In equation (11) , the only sources for momentum generation are the pressure gradient term, VP, and the body force term, pg. Since there are no pressure gradients within the chamber (essentially isobaric and closed) and buoyancy forces are neglected v== (b) (which is consistent the the assumptions of 1-d transport in the chamber), the momentum equation becomes
Since there are no moving boundaries or velocity components at the boundaries, we are left with the trivial conclusion that the mass average velocity, v, is zero everywhere within the chamber. Furthermore, the continuity equation for this l-d, steady system is
which implies that the pv= --constant. Again, since the velocities at the boundaries equal zero it follows that the velocity must be zero everywhere within the chamber.
Yet, as Whitaker points out, the equations given in (2) and (4) suggest that there is a convective flux present [9] .
For example, the mass average velocity in the system is given by Finally, the ordinary, concentration-induced molar flux of A for both the stefan tube and the TDCC are given by equation (2). Whitaker also notes that this equation
for the flux suffers from problems as ZA --_ 
where WA is the mass fraction of species, A. Since the velocities in the momentum and continuity equations are mass average velocities, there is an advantage to switching to mass fractions for concentrations rather than using mole fractions. In equation (18), for 1-d without any flow
(v = 0 everywhere) based on the previous justifications, the inertial term drops out and we are left with
Had we used an equivalent equation for the molar concentration we would be left with a convective term dependent upon the non-zero, molar average velocity. The mass average velocity must satisfy the typical, hydrodynamic boundary condition of no-slip at the walls, but
there is no such restriction on the molar average velocity.
Therefore it is possible to have a convective flux using molar units, even though there might not be a convective flux while using mass units.
Using p = cM where M is the mean molecular weight of the mixture and in equation (19) gives Since the denominator of equation (22) is just the mean molecular weight of the binary mLxture, it is always greater than zero. In all three cases, equation (25) predicts a smaller value for the mole fraction than equation (24) . For values of XA~0.5, there is virtually no difference between the two solutions. As X A -+ 0 and X A -* 1.0, the differences between the two profiles are larger and the effect is more pronounced for the XA -+ 1.0 case. Figure 5 is a similar plot for the mole fraction profile, but with a larger concentration difference between the boundaries. In this case, the concentration difference between the two boundary points is 0.2. Again, in all cases the stagnant background gas approximation predicts a higher value for the mole fraction of A at any point over the results from equation (25).
COMPARISON BETWEEN EXPRESSIONS
The differences between the two profiles are again the smallest for the xA " 0.5 solution, but the differences between the solutions are more dramatic for the AXA ----0.2 case than the AXA = 0.1 case. as to the reliability of all the low temperature critical supersaturation data for nonane (see below).
Katz obtained excellent agreement between the ex-perimentally measured criticalsupersaturations (using theequations based onthestagnant gasapproximation) fornonane andCNTsodiscrepancies between these new equations andCNT arelikely based on the sample of resultsin Table1. The Scr vs. T envelopes from Katz' experimental data are plotted in Figure 6 as short dashes along with the predictions of CNT using the physical properties for nonane given in the original work. As shown in the figure, the agreement between the two is excellent.
The experimental data lie a bit below CNT predictions at the lower temperature end and a bit higher at the higher temperature end-this behavior is similar to that seen with a large number of other materials in the TDCC. It is important to point out that all of the supersaturation versus temperature curves shown in Figure 6 , except for the five curves in each set at the highest tem- However, results from the pentanol-hydrogen investigation mentioned above clearly identified a lower total pressure stability limit for diffusion cloud chamber operation below which the nucleation data are increasingly unreliable [19] .
In that investigation, mole fraction and temperature profiles within the cloud chamber were determined using the stagnant background gas assumption (including thermal diffusion cross coupling terms and using a real gas equation of state). And, in that investigation, the ratio of the mass flux to the equilibrium flux was generally of the order 10 -6 . Based on the results of that investigation, it does not appear that the observed limit of lower total pressure stability reported in the pentanol-hydrogen investigation is a consequence of the denominator in equation (29). Rather, as the authors point out, it appears to be asociated with the onset of buoyancy-driven convective instabilities within the cloud chamber and appears also to be related to the presence of the thin pool of liquid (source of diffusing vapor) on the lower plate. One other important result of that investigation is that the pressure ratio bears no relation to the lower total pressure limit of stability and should not be used to specify operational conditions for diffusion cloud chamber operation. 
CONCLUSIONS

